Abstract-In this paper, we focus on the construction of an desirable. Multi-hop wireless ad hoc and sensor networks have efficient dominating set in ad hoc and sensor networks. A set been widely studied recently. They are composed of a set of of nodes is said to be dominating if each node is either itself hosts operating in a self-organized and decentralized manner, dominant or neighbor of a dominant node. Application of such a set may for example be broadcasting, where the size of the which can communicate together using a radio interface. As in set greatly impacts on energy consumption. Obtaining small sets any wireless network, transmission ranges are limited due to is thus of prime importance. As a basis for our work, we use propagation path loss, health and energy considerations. Thus, a heuristic given by Dai and Wu for constructing such a set. each node must act alternately as a terminal and a router, Their approach, in conjunction with the elimination of message depending on the needs of the system, leading to a cooperative overhead by Stojmenovic, has been recently shown to be an . . excellent compromise with respect to a wide range of metrics. In multi-hop routing. this paper, we present an enhanced definition to obtain smaller Energy conservation is one of the most challenging probsets in the specific case where 2-hop information is considered. In our new definition, a node u is not dominant if there exists in its 2-lems in ad hoc and sensor networks because batteries have hop neighborhood a connected set of nodes with higher priorities very limited capacities. Two particular important problems are that covers u and its 1-hop neighbors. This new rule requires activity scheduling and broadcasting. In activity scheduling the same level of knowledge used by the original heuristic: only problem, some nodes decide to turn off their radio equipment neighbors of nodes and neighbors of neighbors must be known to preserve energy, but should have at least one active neighbor to apply it. However, it takes advantage of some topological t c , knowledge originally not taken into account, that may be used to to collect messages for them or take over some sensing tasks. deduce communication links between 1-hop and 2-hop neighbors. In broadcasting problem, one host needs to send a particular We provide the proof that the new set is a subset of the one message to all the other ones in the network. Broadcasting obtained with the original heuristic. We also give the proof that is applied for route discovery [1], synchronization, alarming our set is always dominating for any graph, and connected for any and other operations. In a straightforward solution to this connected graph. Two versions are considered: with topological and positional information, which differ in whether or not nodes problem, hosts only need to blindly relay packets once to are aware of links between their 2-hop neighbors that are not their neighborhood. However, this leads to the well-known 1-hop neighbors. An algorithm for locally applying the concept broadcast storm problem [2] : while consuming a lot of energy, at each node is described. We finally provide experimental data this method does not even ensure a complete coverage of the that demonstrates the superiority of our rule in obtaining smaller network due to multiple collisions. Connected dominating sets dominating sets. A centralized algorithm is used as a benchmark in the comparisons. The overhead of the size of connected may be used to solve these two problems. dominating set is reduced by about 15% with the topological In a connected dominating set (CDS), each node either variant and by about 30% with the positional variant of our belongs to CDS or has a (1-hop) neighboring node in CDS.
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new definition.
In an activity scheduling solution, only nodes from CDS I. INTRODUCTION may remain active. To reduce the set of relaying nodes in Wireless networking has become an essential part of new a broadcasting task, only nodes marked as dominant have technologies, allowing nomadic users to keep in touch with to act as routers to relay the broadcasting packet, so that their family or their office using miscellaneous devices such the broadcasting is performed by retransmitting by as few as laptops, PDA's or smartphones. The most deployed tech-nodes as possible. An efficient distributed algorithm, known nology, known as WiFi, is still very restrictive as users must as the generalized self-pruning rule [3] , has been proposed to be within the range of a correctly configured access point, compute CDS by using only local 1-hop information. In this Densely populated area like airports or train stations may paper, we propose an improvement to this rule: while requiring easily be equipped with needed infrastructure, but it is not the the same level of knowledge at each node, our enhanced case for other areas, where multi-hop wireless links may be rule elects fewer nodes as dominant. No additional message 1-4244-06 14-5/07/$20.00 ©2007 IEEE. ED {(U, V) e VD dist(u, v) < R}. II. PRELIMINARIES We assume that each node is aware of its 2-hop neighbors.
The common representation of a wireless network is a graph This is achieved in two rounds of HELLO messages. First, G = (V,E), where V is the set of vertices (the hosts, or each node informs its neighbors about its existence (and nodes) and E C V2 the set of edges giving the available position, if this information is available). Next, each node communications: if a node v is a physical neighbor of a node u sends message to all its neighbors informing about its 1-(v lies within the communication range of u and thus receives hop neighbors (nodes from which HELLO message in the its messages), then there exists (u, v) C E. If we assume that first round was received). In a mobile ad hoc network, each all nodes have the same communication range, denoted by R, node (regularly or based on its mobility) emits additional then the set E is defined by:
HELLO messages, to maintain 2-hop information. When a node u receives from a node v such a message, u adds v to conclusion cannot be made without position information (that is, based solely on topological information), and therefore no edge between such neighbors is assumed. Fig. 1 is connected (there exists a path in GD between any two Wu and Li proposed in [8] an algorithm that has been vertices). Once such a set has been obtained, the broadcasting later improved in term of message overhead in [9] , [10] .
process becomes obvious:
We describe here the latter because it requires no messages . The source node sends the packet to its neighborhood. once 2-hop neighborhood information is available. A node is . Each dominant node that receives it acts as a router and referred to as intermediate if it has at least two neighbors not forwards it to its neighbors. directly connected. A node u is covered by a node v C N(u) . Each non-dominant node simply drops it.
if N(u) C N(v) and key(v) > key(u). Nodes that are not
Besides this simple method, dominating sets can also be covered by any neighbor are called inter-gateway nodes. A used as part of a more sophisticated broadcasting mechanisms node u is covered by two connected nodes v C N(u) and [4] . [5] , [6] and requires a global knowledge whether it has at least two neighbors not directly connected. of the network topology, thus many centralized and distributed Then each intermediate node u constructs a subgraph Gh of approximated algorithms for constructing efficient sets have its 1-hop neighbors with higher keys. In the graph composed been proposed. We will describe only one here, which is quite by N(u), each node which has a lower key than u is removed, simple, efficient compared to others, and easy to describe. It as well as the corresponding edges. The resulting subgraph is is a centralized algorithm proposed by Guha and Khuller in denoted by Gh. If the latter is empty or disconnected then u [7] as follows. Each node is initially colored as white. The is in the dominating set. If Gh is connected but there exists densest node in the graph is then colored as black, and all its a neighbor of u which is not neighbor of any node from Gh 
Au covers N(u)).
We finally provide an efficient algorithm to apply this rule Note that, when topological information is used, u is not in a practical context. aware of possible links between its 2-hop neighbors, and therefore may declare the set disconnected although in reality A. Description it may be connected (refer to Fig. 1 ). This can be avoided
Our new definition of dominating sets is based on the if nodes are able to determine their location: they can add observation that the method described by Dai and Wu [3] it to their beacon messages, and thus links between 2-hop requires 2-hop topological knowledge, because nodes need to neighbors will be part of the knowledge of nodes. This variant know their neighbors and the neighbors of their neighbors, and is considered from an experimental point of view in Sec. V. that this knowledge could be better used by applying some B Proof of inclusion enhanced concepts. To illustrate this, let us consider Fig. 4(a) where the generalized self pruning rule has been applied using Theorem 1. The dominating set VD computed with our new the lexicographical order to determine the priority of nodes. definition is a subset of the one obtained with the generalized The node a has been marked as dominant because it has two self-pruning rule. neighbors {b, f } not covered by any set of neighbors with Proof: In the generalized self-pruning rule, a node u is higher priority. In fact, a is itself covered by {b, e, f } although marked as not dominant if there exists a connected subset of e is not a 1-hop neighbor, and a could be marked as passive N(u) composed by higher priority neighbors such that N(u) as illustrated in 4(b): the set of black nodes would remain is covered by this subset. As N(u) C N(u)2 \ {u}, if there connected and dominant. While e is not a direct neighbor of exists such a set in N(u), then it also exists in N(u)2 \ {u}. a, this does not prevent the latter from verifying whether any We can thus deduce that nodes marked as not dominant by the of its neighbors are neighbors of e, or whether {b, e, f} are generalized self-pruning rule are also marked as not dominant connected, since e appears in the list of neighbors sent to a by by our new definition, which can only remove more nodes its 1-hop neighbors, therefore such conclusion can be made. from the dominating set. Similarly in 4(b), node b concludes that it is not dominant since all its neighbors {a, c, e} and itself are covered by its This proof demonstrates that our new definition cannot connected higher key 2-hop neighbors {e, f}.
generate a larger set VD than the one obtained with the Therefore, our new definition of the dominating set VD may generalized self-pruning rule. be described as follows: there exists a path between any two vertices in the graph GD = (VD,ED) produced by our algorithm.
case of topological information In this paper, we have presented an enhanced definition for computing a dominating set in ad hoc and sensor networks, using as a basis a work from Dai and Wu when 2-hop each measure, we took the average value obtained after 500 information is considered. We have proved that our rule gives iterations.
a subset of the one obtained thanks to the original heuristic. We give in Fig. 7 the average percentage of dominant nodes We have also prover that this subset is always dominating, obtained by applying the different schemes for varying degree and connected for any connected graph. We finally provided between 10 and 100. Not surprisingly, the centralized greedy experimental results which demonstrate the superiority of our heuristic performs the best in obtaining small dominating sets rule over the original one in electing fewer nodes as domifor all ranges, and for high degree like 50, only 5.15% of nodes nant. This is especially interesting in the dynamic networks are marked as dominant. As theoretically proven in previous we considered, where fewer dominant nodes induces greater section, our enhanced definition always performs better in energy savings. giving smaller dominating sets in the average case. For the value of 20 nodes per communication area, only 2600 of nodes As future research associated to this paper, we would like are elected as dominant, against 28.19e for the generalized to consider specific usage of our heuristic (e.g., broadcasting) self-pruning rule. As expected, using positioning information in a realistic environment, where mobility might be involved.
bringsreeng better rests,a onl 2osof nfo ar athn We believe that the gain obtained thanks to our enhanced mrkegs dmnnt.er densy (50 th pesre ofen heuristic may be emphasized in such environment, compared marked*asdominantn dereases donsto resperctel 11.56o0 to an algorithm that requires additional messages exchange and 10.32%o.
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